R&D ExPENDITURESBY INDUSTRY CATEGORY

R&D SrenDINGAND GROWTH RATE Table 1 (page 21) provides the same aggregate
information as figures 1 and 2, along with more detailed

Figures 1 and 2espectivey, display the total R&D information on smaller industrial sectors. It also provides
spending and R&D spending growth rate of the top 5@ata on employment and sales in 1996 and 1997 in those
corporations of 1996 and 1997. These R&D spendinfetailed sectors. These data, howgpertain only to the
levels are grouped among eight major industrial sectatsp 500 corporations in R&D expenditures in eaclr.yea
based on their standard industrial classifications and
their conceptual similarities with regard to patterns of Among the seven major sectors that conducted more
technological change. These categories are: informatitiran $4 billion in R&D in 1997, the lgest R&D sectn
and electronics; medical substances and devices; mdtdormation and electronics, increased its annual R&D
vehicles and surface transportation; basic industrispending the most, 15.2 percent, to $45.824 billion.
and materials; machinery and electrical equipmenthe second Igest R&D sectn medical substances
chemicals; aircraft, guided missiles, and space vehiclesgid devices, raised its R&D spenditih7 percent to
and all other industries. The all-other category contai®d.9.849 billion, moving it ahead of the only declining R&D
only 10 of the top 500 1997 firms in R&D, and less thasector (between 1996 and 199i)otor vehicles and
0.5 percent of total R&D among those top 500 firmsurface transportationvhich reduced its spending 4.6
This category includes general services; engineeringgrcent to $18.380 billion. The smaller aircraft, guided
accounting and research/testing services; and finance,
insurance, and real estdte.

Figure 1. R&D spending by major industrial sectors: top 500 corporations in R&D spending of 1996 and 1997
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3See tables 1-3 for more information on these sectors.



Figure 2. R&D annual percent change by major industrial sectors: top 500 R&D corporations of 1996 and 1997
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missiles, and space vehicles R&D seagperienced year of Lucent Technologies, Inc. Lucent Technologies

the second fastest surge in R&D spending, growiragcounts for 77.3 percent of that detailed sector's R&D

11.9 percent to $4.673 billion. spending. In 1996, Lucent Technologies changed its fiscal

year-end from December 31 to September 30, consequent-

The R&D spending and R&D growth rates of they shortening its 1996 reporting year to only 9 months.

two largest major sectors, information and electronics amis led to in a reduction in the reported amounts of R&D

medical substances and devices, are broken downdpending in 1996 and other indicators to about three-

detailed industry sector in figure Within information quarters of what they would have been otherwise, thereby

and electronicsfirms in theelectronic computers and resulting in an artificially-inflated, reported growth rate

computer terminalhdustry spent the most on R&D inbetween 1996 and 1997.

1997, totaling $11.094 billion, growing 10.1 percent over

the previous year. Electronic components, which includes Within the medical substances and devices sector,

semiconductors, is the second largest R&D spendergharmaceuticals preparations firms spent by far the largest

the sector at $6.648 billion, growing 17.3 percent, arainount on R&D, totaling $15.733 billion in 1997, which

followed closely by the third largest R&D spenderwas up 11.5 percent over 1996. Medical instruments firms

prepackaged software, which grew 25.7 percent. Thpent a total of $2.018 billion, 6.8 percent more than in

impressive 39.2 percent R&D growth rate of the sixth996.

largest R&D spending industry in the sector, computer

networking communications equipment, reflects the

phenomenal growth of computer network systemR&D | NTENSITY

including the Internet.
Figure 4 shows the combined R&D intensity of firms

At 46.8 percent, the R&D spending growth of thén each major industry sector. R&D intensity is the ratio
fourth largest information and electronics industry—of R&D to sales expressed as a percentage. In 1997,
modems and other wired telephone equipment—is, in panedical substances and devices firms had by far the
misleading because of a one-time shift in the reportifigghest combined R&D intensity at 11.8 percent, a



Figure 3. R&D spending and R&D growth of detailed industry sectors within the information

and electronics sector and medical substances and devices sector
1997 R&D spending R&D percent change from 1996-97
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NOTE: The figure does not include the two smallest information and electronics industry sectors: (1) household audio & video equipment, and audio
recordings, which spent $230 million on R&D with a 73-percent R&D decline from the previous year; and (2) calculating/accounting machines
& office machines, which spent $210 million on R&D with a 2-percent growth in R&D.
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Figure 4. R&D intensity by major industrial sectors: top 500 R&D corporations of 1996 and 1997

Medical substances and devices

Information and electronics

Motor vehicles and other surface transportation equipment

Aircraft, guided missiles, and space vehicles

Chemicals

Machinery and electrical equipment 5
i 1997
Basic industries and materials 5 W19%
General services; engineering, accounting, and research/ E
testing services; and finance, insurance, real estate
Total, all major sectors —
0 2 4 6 8 10 12

Ré&D/sales ratio (percent)

SOURCE: Standard & Poor's Compustat, Englewood, CO

0.3-percentage point increase over 1996 and well abaaed detailed sectors, as well as data on capital expenditure
the 4.2-percent average for all 500 top 1997 R&Bom 1996-97. Like table 1, table 2 is restricted to only
spenders combined. The information and electraeic®r the top 500 corporations in R&D expenditure.
ranked second in intensity at 7.0 percent, an increase of
0.6-percentage points over 1996. Both these sectors While these R&D-to-sales ratios reflect the relative
increased their intensity due to increases in R&D spenditg@ndencies of companies to devote their own resources
rather than reductions in annual net sales. to R&D activities, they do not reflect the additional
resources provided by the Federal Government (not
As indicated in table 2 (page 23), the pattern of R&[hcluded in this data series) that increase the actual amount
spending per employee for the seven sectors is similabbR&D performed. Such Federal support for R&D
that for R&D intensity with medical substances ansaries greatly by industr Therefore, any study of the
devices, again the highest at $29,095 per employédxoader question of how much total R&D is performed
Information and electronics is second at $16,381by industry would require supplemental data on Federal
Combined, the top00 1997 R&D firms spent $10,457 persupport in addition to the data provided in this report.
employeeTable 2also provides R&D/sales ratios for major

4 See table 2 for industry figures on R&D spending
per employee.



For example, according to the SRS findings, theonsists of development. Of the remainder about 22 per-
Federal Government provided $23.7 billion for industrgent is applied research and less than 7 percent basic
R&D in 1996° Aerospace companies (or the industrialesearch. Significantly, spending on development con-
sector “aircraft and missiles”) alone received 44 percefttbuted to almost all the robust growth in industry R&D
of all Federal R&D funds provided to all industriesduring the 1990s. Contrarily, basic and applied research
Consequently, 65 percent of the aerospace industrgsperienced substantial declines in the mid-1990s. While
R&D dollars came from Federal sources, while thkoth kinds of R&D regained ground in the last half of the
remaining 35 percent came from companies’ own funddecade, by 1997 industry basic research spending had
In comparison, the drugs and medicines sector in 1986ly recovered to 1991 levels in real terms. During the
financed 100 percent of its R&D from company fuhdssame period, modest growth in Federal spending on basic
machinery 99 percent; professional and scientifiesearch (and to a lesser extent academic spending) en-
instruments 68 percent, transportation equipment otrarred positive growth in the Nation’s overall investment
than aircraft and missiles 90 percent, business servidedasic research.

97 percent, and engineering and management services

62 percent. CompPaRISONOF R&D SPENDING TO

R&D-to-sales ratios are known to reerctdifferencegALES’ EI\/IPLOYMENT, AND CAPITAL

among industries in their relative reliance on R&D|NVESTMENT
However, comparisons between industries on this basis Figures 5, 6, and 7 reflect net sales, employment, and

should be made cautiously, because, depending on ey spending, respectively, for the major R&D sectors.
situation, the R&D-to-sales ratios may be as C|rcumstant|1_a\Igure 8 reflects each sector's percentage share of these

as they are strategic. For example, in the case of {ise jngicators, as well as R&D spending. In 1997, basic
pharmaceutical industry, R&D is performed not only o,y ;stries and materials led information and electronics

the sake of discovering new products, but for the sakejfisaes Byt information and electronics employed more

product testing to meet regulatory requirements ONC&yyers than other sectors, and edged out motor vehicles
new product has been designed. A change in sugfy ¢ rface transportation and basic industries and
regulatory requirements might, therefore, change theaiarials in capital spending. In considering these data, it
amount of R&D conducted without changing the NUMBEL i 04 rtant to bear in mind that R&D, sales, employment,
or value of new products being developed. Furthermorg, § - ahital spending totals of these industrial sectors
for allindustries, the cost of materials to the firm is includegd,fo ot only the activity of the year's top 500 R&D-spend-

in the firm’s sales, even though that materials cost reﬂe% corporations. Consequently, these data understate the
the “sales” of another firm earlier in the production Chai'?iggregate R&D, sales, employment, and capital spending
As a result, firms further along the production chain Wil(l)f the sectors examined. That is, sectors that have
have higher sales, and thus lower reported R&D'to_'sa]&%proportionately fewer companies in the top 500 will
ratios, even though R&D as a proportion of the firm’g,,q 15 pe understated more than other sectors. The most
contribution to GDP (as measured by value added) Mighli jerstated sectors in this respect are the basic industries
hot be any lower. and materials sector and the miscellaneous sector that
includes general services, finance, insurarete.

cE ) Nevertheless, for purposes of comparing the R&D-active
R&D does not distinguish between kinds of R&D b rtions of large corporations in all sectors, the data for

character of work (i.e., basic research, applied resear oo
and development). According to other 1997 SRS data,ese indicators are relevant.
more than two-thirds of U.S. industry R&D spending

Finally, it is important to note th&l.S. Corporate

5National Science Foundatioiational Patterns of R&D "National Science FoundatioMational Patterns of R&D
Resources: 1998y Steven Payson, NSF 99-335 (Arlington, VA, Resources: 1998y Steven Payson, NSF 99-335 (Arlington, VA,
1999). 1999).

5 The 100-percent company funding for the drugs and medicines
sector does not include support for R&D that NIH ultimately provides
to this sector through its own research and through funding of research
by universities and other organizations.



Figure 5. Net sales by major industrial sectors: top 500 R&D corporations of 1996 and 1997
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Figure 6. Number of employees by major industrial sectors: top 500 R&D corporations of 1996 and 1997
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Figure 7. Capital spending by major industrial sectors: top 500 R&D corporations of 1996 and 1997
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For the major R&D sectors, figure 9 compares th@formation and electronics at 4.4 percent and aircraft,
1997 annual percent change in R&D spending to changgsded missiles, and space vehicles at 3.5 percent. The
in net sales, capital spending, and employees. Total R&bwer growing R&D sectors, motor vehicles and surface
of the seven major sectors grew by 9.0 percent betwdeansportation, and chemicals, experienced the lowest
1996 and 1997. This growth significantly out paces nemployment growth of the seven sectors, 0.2 percent and
sales (3.7 percent), capital investment (5.3 percent), ahé percent, respectively.
employment (a decline of 0.2 percent).

The comparison among the seven major R&D sectoi§;oMPARISONOF GROWTH RATES IN
as shown in figure 9, with respect to the four indicators

varies substantially. R&D growth out paces sales growR&D SPENDING & NET SALES
in five sectors. But it lags well behind sales in motor
vehicles and surface transportation, and is slightly behipaclr
sales in the aircraft, guided missiles, and spabicles. 9

As shown in figure 10which highlights the seven
est R&D sectors, R&D growth roughly correlates

. : : ith sales growth in 1997. That is, growth in R&D
Capital spending growth exceeded R&D growth in thre& ending tends to be higher for industries that have higher

sectors: motor vehicles and surface transportatio les arowth. Each sphere in figure 10 represents an
machinery and electrical equipment; and aircraft, gljid(?r(\é:justrg A clése reIatti))nshi Wougld not be upnex ected
missiles, and space vehicles. y: P P

since the amount of company funds available for R&D

In general, high R&D growth sectors experiencelfivestment often depends on the company’s sales
stronger employment growth than sectors having S|09\(;rformance in the current_and |mm_ed|ately pre_cedlng
R&D growth, although again, it is not possible to draWears: On the other hand, given t_hat myestment in R&D
any connection between these variables from this limitéiffequently undertaken with the intention of eventually
data. Machinery and electrical equipment enjoyed ttaghieving higher sales, R&D investment may be as much

fastest employment growth at 9.4 percent, followed Hfy Cause of sales growth as it is a result.

9



Figure 8. Major industrial sector shares of R&D, sales, capital spending, and employment:

top 500 corporations in R&D spending for 1997
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Figure 9. Percent change between 1996 and 1997 in R&D spending, sales, capital spending, and employees by major industrial

sector:
top 500 R&D corporations of 1996 and 1997
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Figure 10. Comparison of change in R&D and net sales between 1996 and 1997 and billions of R&D dollars per industry by

major industrial sector:
top 500 R&D corporations of 1996 and 1997
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This relationship shows up more clearly in figure 11guided missiles, and space vehicles, and motor vehicles
which aggregates R&D spending and sales growth dasad surface transportation, respectively, had 8 and 22 of
for the top 500 companies of 1996 and 1997 into the 4Be top 500 firms in 1997. The average net sales of firms
detailed sectors. In the figure, the various industries clustier these two sectors were, respectively, $16.286 billion
along a diagonal line that runs from the lower left corneaind $20.720 billion in 1997. At the other extreme, medical
to the upper right corner. This clustering, which showsubstances and devices and information and electronics,
the positive relationship between R&D growth and salagspectively, claimed 83 and 217 of the top 500 firms, but
growth, is also borne out by individual firm data for thehe net sales averages for firms in these sectors were
top 500 firms. relatively small, respectively, $2.020 billion and $3.027 bil-

lion in 1997. While these numbers reflect only the 500
largest of the more than 3,400 public firms whose R&D
DistriIBUTION BY NUMBER AND SZE is reported in Compustat, they are significantly different
enough to suggest that certain major R&D industry
OF FIRMm sectors have quite different industrial structures. As a

gonsequence, the competitive conditions that influence

As shown in figures 12 and 13, respectively, the maj R&D decisi q ding level I
industry sectors vary in number, as well as average saT (JEcISIons and spending levels may aiso vary
rom one industry to another.

of top 500 R&D-spending firms. At one extreme, aircraft,

Figure 11. Comparison of change between 1996 and 1997 in detailed industries* R&D and net sales and billions of R&D dollars

per detailed industry:
top 500 R&D corporations of 1996 and 1997
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Figure 12. Number of top 500 R&D corporations in major industrial sectors: 1996 and 1997
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Figure 13. R&D intensity compared to average firm net sales by major industrial sector
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